Abstract: Before a breeder invests selection pressure on a trait of interest, it needs to be established whether that trait is actually heritable. Some traits may not have been measured widely in pedigreed populations, for example, a disease or deformity may become more prevalent than previously, but is still relatively rare. One approach to detect inheritance would be to screen a commercial population to obtain a sample of "affecteds" (the test group) and to also obtain a random control group. These individuals are then genotyped with a set of genetic markers and the relationships between individuals within each group estimated. If the relatedness is higher in the test group than in the control group, this provides initial evidence for the trait being heritable. A power simulation shows that this approach is feasible with moderate resources.
INTRODUCTION
When breeding and farming animals, there sometimes appears a group of individuals with an unusual phenotype. This phenotype may be the result of the environment (for example unusual weather conditions or presence of disease-causing agents) or it may be due to a recent genetic change in the population (for example, a recent increase in frequency of a genetic defect). Often the phenotype is seen only in commercial, unpedigreed populations. For example, if the phenotype is sufficiently rare, it may be only the large commercial populations where it is noticed in sufficient numbers to be reported. In addition, breeders may not wish to disclose the presence of an undesirable trait, and would cull any animal showing the trait.
Before undertaking a large-scale experiment to investigate the possibility of genetic inheritance, it would be useful to have some indication of whether the trait is inherited. One possibility is to use genetic markers to elucidate the relationships between individuals showing the phenotype and to compare these to the relationships between individuals not showing the phenotype. If members of the former group are more closely related than those of the latter group, this is evidence for the trait having a heritable component. A number of studies have developed methods for estimating relatedness using genetic markers and many of these are reviewed and compared by Blouin (2003) , Milligan (2003) , Oliehoek et al.(2006) and Weir et al.(2006) . Relatedness (r) is defined as twice the probability that random alleles from each of the individuals are identical by descent (IBD) . A more precise description can be made by considering the probability of sharing 0, 1 or 2 alleles that are IBD (kinship coefficients k 0 , k 1 and k 2 ), in which case r=k 1 /2+k 2 . Table 1 shows these values for some common relationships.
Relatedness estimation methods have a high sampling variance when trying to estimate the relationship between a pair of individuals (van de Casteele et al., 2001 deviation less than 0.1) requires 30~40 microsatellite markers (Blouin, 2003) or 100~200 single nucleotide polymorphism (SNP) markers (Weir et al., 2006) . Using this number of markers may be beyond the budget of the type of study being investigated here, particularly if marker development is required. However the prospect for estimating the average relatedness within a group using a smaller number of markers is better (Queller and Goodnight, 1989) .
We investigate the utility of using genetic markers to detect a difference in within-group relatedness as a method for inferring that a trait is heritable. This is done using simulation methods to estimate the power for population structures and marker sets that reflect practical situations. An aquaculture and a livestock situation are modelled as examples of possible population structures.
METHODS

Simulated populations
Many aquaculture species have the ability to produce cohorts of extremely large (in the thousands) full-sib families. For the aquaculture simulation, full-sib families were created by one to one mating (i.e., each parent has only one mate), but these families may be related to each other. The simulated population consisted of three generations, with five unrelated individuals of each of the four grandparental types. From their simulated progeny, 20 male and 20 female individuals were randomly chosen as the parents of the final (progeny) generation. In each generation there were either 200 or 400 progeny per family (to see if there were important effects due to the choice of this parameter). The phenotype of interest (test phenotype) was modelled as a dominant phenotype, and one of the paternal grandsires was chosen to be heterozygous for the genotype while all other grandparents were non-carriers. If a simulation replicate resulted in no test phenotypes, that replicate was discarded and not counted. With this population structure, pairs of test phenotype individuals are either cousins or full-sibs. A set of either 20 or 40 test phenotype individuals and a set of the same number of normal (control) individuals were randomly sampled from the population for 'genotyping'.
Many livestock populations contain large (maybe 100 or more) half-sib families and there may be small full-sib families within these (depending on the species). For the livestock simulation, each female was mated to a male that was randomly chosen from those available. The simulated population contained 5 paternal grandsires, 50 paternal granddams, 20 maternal grandsires and 2000 maternal granddams. From their progeny, 20 male and 2000 female individuals were randomly chosen as the parents of the progeny generation. In each generation each female had two progeny. The test phenotype was modelled in the same way as for the aquaculture simulation. With this population structure, most pairs of test phenotype individuals are either half-cousins or half-sibs.
Marker sets
We used a 9-marker set for the aquaculture simulation, and a 6-marker set and a 12-marker set for the livestock simulation. Allele frequencies are shown in Table 2 . The (9-marker) aquaculture set had a probability of identity (Taberlet and Luikart, 1999; Ayres and Overall, 2004) (to an unrelated individual) of 3×10 −14 , so each marker was approximately equivalent to a marker with seven equally frequent alleles. The 6-and 12-marker livestock sets had probabilities of identity of 2×10 −7 and 4×10 −13
, respectively, approximately equivalent to the same number of markers with four to five equally frequent alleles. In the simulation genotypes were determined without error and without missing values.
Test of relatedness difference
For all pairs of test phenotype individuals (T-T) and for all pairs of control individuals (C-C) the relatedness was estimated using the program MER (Wang, 2002) . The medians of the estimated relatedness values (r TT and r CC for test and control pairs respectively) were calculated along with their difference (r TT −r CC ). Large values of this difference were taken as significant evidence of the trait being heritable. Medians, rather than means, were used to guard against possible skewness in the relatedness estimates. The significance of the difference was found using a randomization test (Manly, 1997) to accommodate non-independence amongst the pairs in each group. Two hundred replicates of each situation were simulated, and the power of the test was estimated as the proportion of significant results at the 5% level.
RESULTS
The calculated powers are shown in Table 3 for the aquaculture scenario and Table 4 for the livestock scenario. Also shown are the average values (over the simulations) for the median relatedness in the test groups. Powers were good (i.e., mainly above 0.8) except for the situation with the least powerful marker set (livestock with six markers) and smaller sample size. For the aquaculture scenario there was little difference in powers between the two family sizes, indicating that power should still be good with even larger families. Power was generally higher for the larger sample size and for more powerful marker sets. 197, 0.160, 0.140, 0.133, 0.099, 0.080, 0.074, 0.072, 0.011, 0.011, 0.009, 0.008, 0.006, <0.001 B11 0.290, 0.218, 0.106, 0.079, 0.077, 0.066, 0.055, 0.035, 0.031, 0.026, 0.009, 0.008, <0.001 B12 0.340, 0.238, 0.132, 0.123, 0.100, 0.039, 0.016, 0.004, 0.003, 0.003, 0.001, 0.001, <0.001, <0.001, <0.001, <0.001, <0.001 DISCUSSION Genetic markers offer the opportunity to elucidate the genetics of a phenotype of interest in unpedigreed populations. At one extreme, markers (e.g., tens of thousands of SNPs) can be used in genome-wide association studies to find genomic regions that influence the trait (Balding, 2006) . Another approach is to use markers (e.g., hundreds of SNPs) to reconstruct a relationship matrix to use in the estimation of the trait heritability (Coltman, 2005; Thomas, 2005) . Our approach is more akin to the latter than the former, as the markers are not used to specifically map a region influencing the trait. However, it differs in that, for the situations studied, it can indicate an inherited trait with fewer markers and fewer individuals than the relationship matrix approach, but does not give a precise estimate of heritability. Our method is likely to be used as a precursor to a more extensive study (either marker-based or using recorded pedigrees) to provide further information about the genetics of the trait.
This study has focused on animal breeding applications, but the method may work in other situations as well, such as plant breeding or in the study of natural populations. The resources required will depend on the family structures in such populations. Our method has not used supplementary information about the family structures, but this could aid the estimates of relatedness. For example, if it is known that there are only a few large full-sib families, methods that reconstruct these groups are likely to give better relatedness estimates (Thomas and Hill, 2002) .
In our simulations, the phenotype was defined as being due to a single dominant gene. The results would also pertain to other situations which would give rise to the same relationships within the test group (i.e., all individuals share a common grandsire). This would be the case for a recessive gene at a reasonably low frequency, possibly with incomplete penetrance. It might also be the case where specific combinations of gene variants are required for the phenotype to be expressed.
We have shown that it is possible to infer that a trait is heritable, by using markers to compare the relatedness within the test group against the relatedness within a control group. The power of the method depends on the family structures in the population, the sample size, the characteristics of the marker set and the actual genetic cause of the trait. The cases we have simulated, in which the test group shares a recent common ancestor, where a moderate number of individuals were sampled and where marker sets with 8~12 microsatellite markers were used, indicate good power for such an experiment. 
